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TABLE 2.-Vapor pressnres at pyrheliometric stations on days when solar 
radkcion bilen.vities u w e  measitred. 

I Washington, D. C. :[ Xadison, Wis. 11 Lincoln, Nebr. (I Sonta Fa, N. Max. 
-- 
Date. 

1919. 
Ailg. 2 

9 
11 
14 
15 
16 
I9 
a0 
a3 
23 
26 
27 

- 

........ ........ ........ ........ ........ ........ ........ 
- 

ii .m.rrn.Ii 

mm. mm. 
9.14 11.35 
8.48 11 sll 

13.111 14:Wl 
1O.a 16.59 
16%) 19.23 
15.11 17.37 
15.65 17.96 
I4.m 17.96 
15.11 13.611 
14.101 20.57 
9.52 10.591 
9.141 11.81 

- - - . - I - - - - . -  ........... ........... ........... ........... ........... ..... ...... 

Date. 5a.m.Sp.m.ll Data. )8a.rn.!8p.m.Il Date. )8a.m.]Sp.m. 

1919. mm. 
2lug.1 9 . s  

2 11.35 
i 14.10 
8 9 . s  
9 10.21 

13 15.11 
14 14.6iI 
16 10.9; 
18 13.13 ...... 

........ ............ 
26 8.&S 8.51 
27 7.57 7.57 
aS 7.04 7.57 
30 9.14 S.81 
31 5.18 9.14 .................... ............ 

TABLE 3.-Dai$ totals and de artitres of solar and sky radiation during 

[Gram-calories gsr squara centimster of horizontal surface.] 

A&ptsb, 1919. . 

Day of month. -- 
Wash. 
ington 

1 ................ 4118 
2 ................ ' -616 
3 ................ 569 
4 ................ I 833 
5 ................ 2 5  
6 ................ 2L% 
i ................ 462 s.. .............. , .5no 
9 ................ ti3 

10 ................ 579 

11 ................ 5%) 
13 ................ 45s 
13 ................ in0 
14 ................ ! 442 

16. ............... 5:rl 
li ................ 3% 
1s ................ 42: 
19 ................ 4i3 

Decade departure. 

I 
15 ................I 4 w  

................ I 55(l 

21. ............... 1 253 

23 ................ i 49s 
24 ................ i sgi 

22 ................ I 5 3  

35 ................ I 3 1  
26 ................ si9 
2; ................ 376 
2.e ................ 503 
23 ................ 47.9 
811 ................ I 1% 
31 .............. -.! 4x3 

26 ................ si9 
2; ................ 376 
2.e ................ 503 
23 ................ 47.9 
811 ................ ! 1% 
31 .............. -.! 4x3 

__ 
Msdl- 
son. 

t a l .  
679 
611 
E d  
347 
351 
27d 
I53 
6 9  
5;s 
Fi4 

216 
51s 
4711 
563 
475 
575 
344 
556 
5.K 
2i1 

...... 

Madi- 
son. 

ea). w3 
137 

-218 
-111 
-114 
-193 

159 
1i9 
13) 
117 

-39 
64 
1s 

112 
2ti 

12s 
- 60 

115 
102 

-165 

- 

..................... 

1kcr.L departure.. ...................... 

-I - 
Lin- mash- 
coln. 1 ington. 

-379 - 5Y 

15 

56 -4s: 
153 -496 
561 -465 

- ? I  1:;; S i  j ,  
SI - 07 

-1G6 I/ - 97 
163 I -452 
141 :i -462 - 1Y ' -425 
161 I -371 
195 ! -4s5 
173 ; -449 

--a55 -412 
d '  -m 

_____.jl -108 

I! .............. I! + 17 

Excess or deficicncppr.-ml. .................................. .!!-4,691 
since Rrst 01 year. per w i t  .................................. .iJ -5.0 

I, _____ - 

dadi- I;m- 
son. coln. 

eel. Cal. 
-- 
a12 -3i9 
339 -438 
121 -283 
10 -303 

-297 -179 
-138 - 2 i  

41 29 
lfil 116 
2 i Y  114 

39 203 

103 121 ?XI 37 
2.52 341 
259 3% 
3 7  454 
327 679 
442 a2 
541 59i 
3i9 6.9 

-104 -235 

653 €32 
i3S 899 
836 939 

1'13s (30s 5S4 355 

L3Sb 454 
1'445 612 
1:5a 783 

.I,?M + 98 

-3,3661- I ,  938 
-3.61 -1.8 

I 

L oni  si9 

1,461 447 

MEASUREMENTS OF T H E  SOLAR. CONSTANT OF RADIATION AT CALAMA. CHILE. 
Ry c'. G .  A B B n T ,  Uircctcir, APtr@physic.:;l OhPerv3tory. 
[Dated: SmithsonIan Institutioo. Wsrhington. Septembrr, l919.J 

In continuation of the puhlicat,ions begun in Fehrunry, 
1919, I give herewith the values of thc solar constnnt4 nf 
radiat.ion obtained a t  Calanin., Chile, for t.he mont,lis o€ 
June and July, 1919. 

I was present in Cn.1am-a at t.he time that mqny of these 
observations were made, and in cooperation with !lie 
observers there worked out ix new met,hod of observ1112 
which has been employed for some of the days of obswra- 
tion inclucled in the following tables, and which sha.11 Lc.. 
briefly described as follows: 
M y  colleagues, Mr. Fowle and Mr. Alclrich, as well as 

t,hose in Cdclnma, niid myself have felt very kee~.~ly the 
desirability of devising some method of determining t.lte 
solar constant of raclintion which would bs independent 
of changes in the transparency of the atmosphere tluring 
the eriod of obseimtion. I had hoped that t.liis might 

nometer, that instrument whic.l? we devised several yeurs 
a o for the pur ose of measuring the brightness of the 
sfy. It is well !nown t.hat* when the sky becomes more 
hazy the direct benm of the sun is reduced in intensity, 
but the scattered light of the sky is a t  the same tinie ~ n -  
creased. Accordingly, it  would seem that a p -anom- 

the sky near the sun would furnish an index of the state 
of the transparenc of the atmosphere a t  the moment of 
observst,ion, and t&s, combined with the usual observ:r- 
tions of the solar intensity at the earth's surface by the 

be cp one in some simple form by the aid of the pym- 

eter measurement of the brightness of EL limite r area of 

pyhrliomet,v, and combined furt.1ie.r wit>h the deter- 
minnt.ion of the qunntity of the. .n.quc?us vapor between 
t.he ohserver and thsl sun (which 1s indicsted by the state 
of the great, iufrn-red absorption hands, p nntl 4) might 
give t h n  means of est,imntiug t.?ie so l~ r  radiation oil t,s& 
tho tit.niospltere from olmyvatioiis mnde at B single in- 
stant of t h e .  

When I reachrrl Calnmia, after having obswved the 
total crlipse of tho sun at, Ln Pnz m c l  h:tvinv held n con- 
fereiice with hiessrs. Wiggin nntl Clny ton of &e Argentine 
Weather Scnice a. t L ~ L  Qiiincn, Argent,in:k, I found that 
Biessrs. Moo-.r ti,nrl Ailhot  hncl prepmxl data giving the 
pyrhcliometry, tho tmnsparrw-y of tho et.mosphere for 
nc.arl;v 40 wave lengt,hs, tlis function pip.,, and pyranom- 
rt.cBr values. repi-c~nt~iag tho intensity .Of the radiation 
of the sky in n ~0110 15" wide surrounding the sun. All 
these va.lues wcrc! ta.biilntd wit.h solar constant values 
for 60 clays of obserratiori. They were taken for each 
c1zl.y at the periods when the air masses were 2 and 3, 
respect,ively. I spent alniost a week in woAing over 
t.hPse datn., tryiiq t,o find some mct,liod of combining them 
dong talc lines which I have suggested above, but yithou t 
success. Ab. Moore. however, had once .or twce sug- 
gest,etl to me thnt, iI we knew t,ie co+ficieiit of atmo- 
spheric. transmission for d l  of the indimdual wave lengths 
011 a given thy, and hsd observed with the spectrobolom- 
et.m cind pyrheliometer a t  air mass 3 or a t  air mass 3, 
we could determine t,he solar constant from these data 
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at once. I had always replied to him that there are no 
means of determining t,he transparency of the atmosphere 
at  these wave lengths without t,he rocess of taking suc- 

brou h t  in the very errors whic.li we were endeavoring .to 
avoif. All simple means having failed to give a satls- 
factory method, Mr. Moore’s suggestion recurred. to me, 
and I actual1 ossible, by noting the 

light in t.he neighborhood of the sun, to determine a t  once 
the transmission coefficients for all wave lengths. Thls 
we do by means of plots in which t.he data for the 60 CIS s 

following manner: 
Taking the value obtained a t  air mass 3 by Llie pyranmi- 

eter for the limited area of sky around the sun. divicling 
it hy the value of PIPsc a t  the corresponding time. me oh- 
tuin H funrt.ion which we may call IiF.” Phtting vnlues 
of “F” as abscissw against values of t,he transniieuion co- 
efficients for eac,h measured wave length as orrlinat,e.s, we, 
obtain ahont 40 plots. These for t,he inh-red region of 
t,he spec tivm are nearly st,raight lines, but they heconie 
more and more conves toivitrd t,he ases of coordinates 
for the rays of shorter wave lengt,hs. In the 60 days 
which were available for the investigations, the function 
“F”ranged through values running from 100 to more 
than 1,000 of a certain scale, while the fmiction “a,”  that 
is t,he transmission coefficient, ranged only through a very 
few per cent. For n large portion of t,he. spectrum, in- 
cluding the infra-red region, .the range of “ a ”  was hardly 
more than 1 or 2 per cent. Accordingly great error is 
allowtihle in the function “ F” without greatly affecting 
the accuracy of the inference as to the value of t,he func- 
tion “a.” i n  short. by means of the function “F” we are 
able to determine the function “a ” fnr all wave lengths, 
wit,h highly satisfactory accuracy. from observations a t  
a single point, of time. Thus changes of the atmos- 
pheric trRnsparency during the period of ohserration are 
avoided. 

We shall hereafter employ this new niethod in c~nibi- 
nation with t,he old, not only for air mass 2 but for air 
mass 3, and shall check one against the other frequently 
for a considerable period of time until we are ahnndant,ly 
snt,isfiecl of the accuracy of the new method of obseiwi- 
tion. In  general we regnrd CJbservntion at, air maSs 3 cls 
of half the weight of observntion a t  air mass 2. Hitherto, 
the new met,hod has enabled us  to save a number of days 
of olserntion which, owing to the obvious changes in 
trnnsparcncy of the atmosphere, due to Iormation or dis- 
appearance of clouds, would otheiwise have been lost, 
and sonie of the observations published herewit.h for June 
and July are of this character. 
As i t  is impossible to use our former criterion! based 

upon the several hours of observation. t!) determine the 
escellence of the day, we have altered the statement of 
the grade by the intiwdi.iction of two new symbols, “S” 
meaning strtisfactory, and ‘‘ U” meaning unsatisfactory, 
for those days in which the solar constant has been deter- 
mined by the new method. Sit far as we have as yet been 
able to compare the results by the old and the new nieth- 
ods, they are on the average closely itlenticul. For in- 
stance, on J’uly 1 three values of the solar constant were 
computed: 1, tw the old prwess; 3, froiii ohsenations st 
air mass 2: 3, from ot)sen~ations at air mass 3. The re- 
sults obtained were as frdlows: 1.948? 1.940, 1.055, all 
agreeing within less t.hnn 1 per cent, ant1 the iiienn of the 
results by the new process agreeing identicaily with the 
result by the old. 

cessive bolographs during several % ours of time, which 

value of the 9 unct.ion p/pSc, and %e intensity of the sky 

mentioned are employed. These data were used in t K e 

found that it is 

The new process requires but two or three hours of 
work where the old required about 15, so that if it con- 
tinues to appear satisfactor as now a very great gain in 
labor will result from it. R ot only is this so, but a still 
greater gain, we think, will come in accuracy for we have 
now eliminated the fruitful source of error depending on 
the variability of the atmospheric transparency during 
the observations. 

In  the future we espect, if all goes well, to determine 
about two-thirds of the solar constant values exclusively 
by the new process and the other third a t  intervals by the 
old, in addition, to assure oiirselves that nothing is going 
astray. An advantage of the new method is that on days 
when the early morning is unsuitable for observation but 
later it c.lenrs away so as to be satisfactory €or 15’ around 
t,lie sun, a good solar constant value can he obtained by 
the new method where nothin a t  all of valire could be 

increase in the number of days fit for observation owing 
obtained by the old. It, is pro 5 able t-hat at Calama the 

great zeal and thoroughness with which Messrs. Moore and 
Abbot are carrying on their observations. 

I now give results for June and Ju l  . An explanation 
of the symbols and arran ements of t K e tables heretofore 

WEATHER REVIEW for FebruaT-y, 1919. Beginning with 
the month of June, the followiug slight changes will be 
made in the publication of the results: 

First, a new column, headed “Method,” will be inserted 
after the colunin headed “Solar Constant.” In  this will 
be found the symbols E,, M,, M3, W.M., and oc.c.asionally, 
where the new method has been employed a t  a.ir masses- 
difFering from 3 and 3 , such a s y b o l  as y.6 will be found. 
The significance of these sym 01s is as ollows: E, in- 
dicates that the observation wa.8 made and reduced b 

employed will be found % y the reader in the MONTHLY 

the old method heretofore em loyed. M,, M,, or M, wi trl 
some other subscri t, means t r irtt observations were made 
and reduced by t 1 e new method from air mass 2, air 

of all of the revults for the day as determined % y the best 

.method, marked “E,;” 1.955 by the new met K od from 

mass 3, or some other value which was more suitable on 
the day in question. The symbol W.M. means that the 
solar constant value preceding it was the wei hted mean 

judgment of the observers a t  Calama. Thus, on July 21 
we have given four values, respectively, 1.947 b the old 

air mass 3, marked “M,”; 1.955 by the new method a t  
air mass 2, marked “&”; and 1.953 marked “W.M.,” 
which is the weighted mean accordi:fhto the best judg- 
ment of the observers at Calama. e values marked 
“ W.M.” are to be preferred in the use of the data for ur- 
poses of comparison with the henomena of the weat % er, 
duced, as above indicated, the new symbols “S” and 
“U,” with the su&seu “plus” or “minus” to indicate the 
de ee of satisfactoriness or unsatisfactoriness which pre- 

method. 
The columns marked iLHumidity” are to be inter reted 

old method, as indicated by the symbol E,, the values of 
humidity are to be understood as the mean of all those 

In the next column, niarke s “Grade,” we have intro- 

vai 7 ed in determining the solar constant by the new 

as follows: Where the observation has been made E y the 
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Trans- 
mls- 
sion 

arade. rorfli- od. cient 

mi- 
rmn. 

Mcth- 

atn.5 

____- 
11% 8- .%I 
IC0 VG+ .StjO 

AI2 
W.M. 

8 .M 
8 .%9 

M, 8 .Ria 

$12 S .%XI 

Ira s+ .MI 
If* 
1’ .MI 

W.M. l..~=. 
34 !.......I 
Y, i 

M~ I s .ti70 

W M ir, ‘ 1  8 .W7 
M.. I 

W.M.i 

determined during the interval of the observations. 
Those which occur, as for example on June 25, on the 
da when the solar constant was not determined by the 
o l g e t h o d  a t  all are to he taken as obtained a t  the time 
corresponding to the air mass iven as a suhscri t under 

June 25 the values of humidity correspond to air mass 2; 
that is to say, to the time when the sun was at 60’ zenith 
distance. 

In  other respects there is no change in the charac.ter of 

the letter M in the column heac 5 ed ‘(Method.” ghus, on 

H d d l t s .  

Remarks. 
pjp.. v. 1’. 22. 
---. 

Cm. P. el. 
.13 12 

.600 .14 17 ................................... ................................... ................................... 

.479 .18 21 

.521 .19 2n 

.a36 .32 45 
north and cast. 
and some c-umuli 
over .\rides. 

.635 .O9 11 

.5% .IO 13 ................................... ............................ 

.W .13 18 ............................ ................................... .................................... 

.564 .13 16 

................................... ................................... 
.556 . l o  14 

the tables. 

................................... 
W.M. ................................... 

Iaate. 

A.M. 
June 1.. ..... 

P. M. 
June Z...... 

3. ..... 

A. Y. 
June 4. ..... 

5... ... 
g...... 

10.. .... 
14.. .... 
IS... ... 

16. ..... 
P. m. 
19.. .... 

A . M .  
20..-.-. 

21.. .... 
aa...... 
23 . . . - . .  

w... ... 

%...... 

%. ..... 
27.. .... 
P. P. 
B...... 

A. Y. as...... 

30.. .... 

A. Y. 
July 1 ....... 

A.M. 
July 2 .___. __. 

3 ........ 

4 ........ 
6 ........ 
9 ........ 

- 

Solar 
con- 
stant 
CUI. 

1.918 
1.828 
1.927 
1.817 
1 . 9 2  
1.9t;s 
1 . W  

1.w7 

1.962 

1.898 
1.033 

1.9m 
1.917 
1.955 

2.013 
1.972 

1.873 
1.91s 
1. m 
1. sn 

1.934 

1.956 

2.013 

1.959 
1.975 

1.952 

1.955 

1.9% 

1.964 

1.938 

1.972 

1. 938 

1.969 

1.962 

1.948 
1.9% 
1.- 
1.935 

3mie. 

I ~~~~l Humidity. 
mi+ - 
sion 

::$- 
atq.5 PIP.. 

cron. 
IIlI- 11 ........ 

13 ........ 

13 ........ 

14 ........ 

-I-- l- 
1.945 
1. !I46 
1.946 
l.Y3? 
1. Iriy 
1.947 
1.949 
1.929 
1.837 
1.934 
1.!%3 

VG 

I5 ........ E- 
E 

E- 

1.949 
1.954 
1.952 

VG- 
E- 

l i  ........ 

1s ........ 

19 ........ 

20 ........ 

21 ........ 

22 ........ 

23 ........ 

a.. ...... 

25 ........ 

26 ........ 

27 ........ 

“8 ........ 

29 ........ 

o. ss2 

1 . W  
1.933 
1.964 
1.955 
1.951 
1.9% 
1. w.3 
1.966 
1.9M 
1.976 
1.979 
1.855 
1.951 
1. %52 
1.945 
1.955 
1.955 
1.953 
l.ilR3 
1.1353 
1. w 
1.961 
1.962 
1. !I57 
1.9559 
1.928 
1. N 2  
1.951 
1.957 
1.981 
1. WI 
1.WS 
1.9305 
l .Yl8 
1.991 
1.Y29 
1.916 
1.959 
1.!159 
1. W7 
1. us 
1.951 

. Si7 . ti71 

FG+ 

E- 

E- 

vo+ 
E- 

.m . %7 . Si7 

.872 ,432 
................... ................... 

.875 .436 

.PES .543 

.R71 .io0 

.856 .686 

.my 

.859 

T o  l V G +  ,878 
bra 
Y,* 
3lt .%!I1 
3rx 
W.N. 

3% . a 4  
? r L  
W.M. 

Fa E . 8 7  
M a  
M, 

W.M. 
M a  8- I .Si8 
at: 

W.M. 
MI S+ .S73 1 
M2.5 
i r9  w. If. 
Fa \’G+ .875 
M, 
W.M. 
Mn s+ .873 
A h  

W.M.  
HJ 1: .?a 
M! s w. M. 
311 8- .Wl 
112 w %f i i  ‘ 1  E: .W3 
?*XS 
M, w. M. 
XI.;* s- .&;D 

s .w 

W.M. I:. .... I:: ..... 

1 

M I  

M a  S- .S72 
w.x.  

?‘I ....... 
R.M.I ....... I::::::: 

0.615 

................................. 
,852 .07 8 ........................... .......................... .:I:... ::: .... ::::::: 
.4SS .17 15 

................................... 
.53s .22 21 

.573 .17 23 

................................... 

................................... ................................... 

................................... ................................... ................................... 
.472 .21 2s ................................... ................................... 
.617 .13 17 ................................... ................................... ................................... 
.638 .10 13 

................................... 
.m .OH l o  

.743 .mi 7 

.w9i .CIS s 

.562 .OS 9 

................................... 

................................... ................................... 
............................ ................................... 

................................... ................................... 

................................... ................................... ................................... 
.5s .m 12 

.I? a0 

................................... ................................... 
.5Y1 .14 15 ..................... ..................... 

.555 . io7 

E- 
E- 

E- 

S 
S 
6 

. i38 

.I40 

.49s 

.531 

.372 

.!I71 .652 

. S I 1  . I58 

.a76 .723 

.874 .735 

.878 .I67 

.%I .m2 ................... ................... 

I 
S . 8 6 4  

s .mi 

VG+ .G9 ................... ................... ................... 

.610 

.r*2 

.638 

- 

F. P. 

&I*. 
0. os 

.a4 . 18 

.06 

.07 

.21 

.n 

.44 

.33 ..... ..... 

.31 

.27 

.ll 

.os 

.os 

.06 

.04 

.w 

.15 

.10 ..... ..... 
.12 

.30 

.31 

.14 ..... ..... ..... 

- 
Re1 . 
mm . 
-_ 
P. rt. 

11 

18 
10 

7 
10 
24i 

27 
43 

42 ..... ..... 
36 

24 

1s 

10 

10 
9 

5 

6 

15 

15 ..... ..... 
8 

31 

29 

16 ..... ..... ..... 

Remarks. 

Cloudless exce t 
distant dr r i  fn 
southwest. 

C h i  in west a t  
start drining to 
north. 

Distant cirri disap 
pearlng early. 

Many cumuli scat- 
tered about skv. 

Many scattered,cb- 
muli p a s s i n g  
over sun at  in- 
t ervals. 

Cumuli in distant 
northeast. 

Scattered small cu- 
muli in east. 

Cirri near sun at 
start. 

Cirri in distm 
west. 

s k y cloudless. 
Smoke toward 
west. 

Few cirri in south- 
west disappear- 
lni bv 1000. 

east. 
Thin eirrl In north- 

east mmtly be- 
low sun. 

Manv rirri in east 
ana rather un- 
even in west. 

Thln rirrl and 
streakiness in 
east. Small cu- 
m u l i  f o r m i n g  
over Andes. 

Sky cloudless but 
hnr and very 
dusry. 

in.. ..... .I 1.951 

30 ........ 1.939 
1.82? 
1.92s 

31 ........ 1 . m  
1 1  938 I i915 

Lowriimiiliinrast. 
Ci r rn- rnmul i  in 

rrmt,rirriin west. 
Srnttered r i m  in 

and wrst. 

Consiclrrahlc cirri 
In south and dls- 
tant west: also 
t u h v  sun. 

Scattered c i r r i 
aroiind w e s t , 
sniith, and rast. 

Scattrred cirri. es- 
pecially in south 
and west. 

Cmsidrrablr rim1 
in southwest and 
some and past. in north 

Low rirri in south- 
west. 

Some Inw rirri In 
e a s t - s m a l l  
patrhes in south- 
west. 

Small virri scat- 
tcred about sky. 

Scattered rirrtwu- 
muhis. especially 
in cast. 


